We evaluated the gene expression profiles of human dental pulp cells exposed to iRoot BP using microarray after 24 and 72 h. The results were verified using quantitative reverse transcriptase PCR analysis. Of the 36,000 transcripts arrayed, 21 were up-regulated and 15 were down-regulated by more than two fold. The largest group of up-regulated genes included those involved in nucleobase-containing compound metabolic processes, cell communication, protein metabolic processes, developmental processes, and biological regulation. The largest groups of down-regulated genes were those involved in cell communication, development, and biological regulation processes. In conclusion, iRoot BP affects the expression of genes involved in different biological processes in human dental pulp cells. (J Oral Sci 58, 307-315, 2016)
Introduction
iRoot BP is a laboratory-synthesized, ready-to-use, premixed, injectable, commercially available, bioceramic-based material that is highly biocompatible, hydrophilic, and aluminum-free and does not shrink during setting. The calcium silicate composition of the material makes water necessary for setting. Its main components include tri-calcium silicate, bi-calcium silicate, calcium phosphate, tantalum oxide, and zirconium oxide. Previous investigations focusing on the cytotoxic, antimicrobial, anti-inflammatory, and mineralization properties of this material found that it has insignificant cytotoxicity on different cell lines, and its antimicrobial efficacy against Enterococcus faecalis and Candida albicans is similar to that of mineral trioxide aggregate (MTA) (1) (2) (3) . Furthermore, it has been shown that iRoot BP induces odontoblastic differentiation and has biocompatibility features similar to BioAggregate and MTA (4, 5) . However, further studies examining the biological interactions of iRoot BP are still necessary.
Microarray analysis can be used to measure the expression levels of tens of thousands of genes in a single experiment, thus providing an opportunity to explore the effects of various materials on gene expression. In the present study, we tested the hypothesis that treatment of hDPCs with iRoot BP may alter gene expression profiles, and the results may provide a better understanding of the biological activities of the material on hDPCs. Therefore, high-throughput DNA microarray analyses were used to test whether iRoot BP could change the gene expression profile of hDPCs after treatment for 24 and 72 h. going orthodontic treatment. The pulp tissues were aseptically removed from extracted teeth, rinsed in a buffered saline solution containing antibiotics, and placed in 100 mm petri dishes. They were then digested into small fragments and cultured in Dulbecco's modified Eagle's medium (DMEM; Biological Industries, Kibbutz Beit Haemek, Israel) containing 10% fetal bovine serum (FBS; Biological Industries), 100 U/mL penicillin, and 100 U/mL streptomycin (Biological Industries). Tissue cultures were maintained in a humidified incubator at 5% CO 2 and 37°C temperature. Cells from the fifth passage were used in this study.
This study was approved by the Ethics Committee of Gulhane Military Medical Faculty, Turkey (181/2011). Informed written consent was obtained from all participants in this study.
Material preparation
iRoot BP (Innovative BioCeramix, Inc., Vancouver, Canada) was supplied as a premixed solution and did not require any preparation before use. The samples were placed in molds (5 mm diameter and 3 mm height) and covered with wet cotton before being incubated at 37°C for 72 h. Thereafter, the 3 × 5-mm disks of iRoot BP were sterilized using ultraviolet irradiation. Ten cylinders of each material were placed in a 15-mL culture tube containing 8 mL of DMEM and incubated for 72 h at 37°C to allow for the release of any soluble bioactive components from the samples into the liquid. The medium was filtered with a 0.22-µm syringe filter to remove particulate matter, and the original extracts were used as the test media.
Three different hDPC cell lines were seeded in 12-well plates at a concentration of 1 × 10 6 cells per well and incubated for 24 h in a humidified incubator at 5% CO 2 and 37°C. The hDPCs were exposed to the original extracts of the test materials for 24 h and 72 h. Cells were pooled in an Eppendorf tube 24 and 72 h after the original extracts were applied. Cell pooling was conducted from three wells of each group. Wells without iRoot BP extracts were also cultured for 24 and 72 h, and the untreated hDPCs were used as controls.
Microarray analysis
The total RNA from the hDPCs was extracted using the RNeasy Mini Kit (Qiagen, Hilden, Germany) according to the manufacturer's instructions. RNA purity and integrity were quantified using an p360 Nanophotometer (Implen, München, Germany). The microarray analysis was performed using the GeneChip 3 IVT Express Kit (Affymetrix, San Francisco, CA, USA). Briefly, total RNA was subjected to reverse transcription, first-strand cDNA synthesis, double-strand cDNA synthesis, in vitro transcription, purification, and fragmentation. The samples were hybridized onto the GeneChip PrimeView Human Gene Expression Array (Affymetrix), which covers more than 36,000 transcripts and variants. After 16 h of hybridization at 45˚C, the arrays were washed and scanned to obtain quantitative gene expression levels.
Data were analyzed using the Expression Console (EC) and Transcriptome Analysis Console (TAC)/Partek Genomic Suite. Raw data was normalized using the RMA (Robust Multiarray Average) algorithm, and the array data were filtered based on detection P values of <0.05. A comparative analysis of each sample was performed using the fold-change data. Only genes showing expression changes greater than twofold after iRoot BP treatment were considered. Biological ontology-based analyses were performed using the Panther database (http://www. pantherdb.org).
Quantitative reverse transcriptase PCR (qRT-PCR) analysis
Genes that have previously been shown to be associated with mineralization, those associated with teeth pathophysiology, and unclassified genes whose functions in hDPCs were unknown were selected randomly to verify the microarray data. To verify the results obtained from the microarray experiments, qRT-PCR verification was performed for the following nine genes: secreted protein acidic cysteine-rich (SPARC), bone morphogenetic protein 2 (BMP2), dentin sialophosphoprotein (DSPP), angiopoietin-related protein 4 (ANGPTL4), transcription factor 7-like 2 (TCF7L2), a disintegrin and metalloproteinase with thrombospondin motifs 5 (ADAMTS5), forkhead box P1 (FOXP1), bone morphogenetic protein receptor type-2 (BMPR2), and lysosomal-associated membrane protein 2 (LAMP2). For comparisons of the target mRNA levels, the cDNA concentration was normalized to that of the beta-actin (β-ACTIN) PCR product. The primer sequences for the target genes are shown in Table 1 . qRT-PCR analyses were performed using the total RNA samples previously described for the microarray analyses. cDNA was synthesized from 100 ng of total RNA using the Transcriptor High Fidelity cDNA Synthesis Kit (Roche, Mannheim, Germany) and then used as the template for PCR. The target cDNA was amplified using specific primer pairs (Table 1) , and qRT-PCR was performed using the FastStart Essential DNA Green Master reaction mixture (Roche) and a LightCycler 480 Instrument (Roche, Rotkreuz, Switzerland).
The 20-μL reaction mixture comprised 5 μL cDNA, 4 μL water, 10 μL 2X Master Mix buffer, and a final concentration of 0.25 pmol/μL of each primer. qRT-PCR conditions included an initial denaturation step at 95ºC for 10 min, followed by 45 cycles of 95ºC for 10 s, 60ºC for 10 s, and 72ºC for 10 s. The mRNA level in each sample was calculated using the formula ΔΔCT (i.e., ΔCT(treated sample) − ΔCT(untreated sample)), and each experiment was run in triplicate. 
Statistical analysis

Results
Only genes showing changes greater than twofold 24 h and 72 h after iRoot BP treatment were considered in this study. Thirty-six transcripts were significantly different from the control group for at least one of the time points. Twenty-one transcripts were up-regulated, and 15 were down-regulated. Transcripts with altered expressions are listed in Table 2 . Ten of the 36 transcripts were expressed at both time points (either up-regulated or down-regulated), and 11 and 15 transcripts exhibited statistically significant changes after 24 and 72 h, respectively. Moreover, four and 12 transcripts revealed up-regulation only after 24 or 72 h, respectively, and seven and three transcripts exhibited down-regulation only after 24 h or 72 h, respectively. The largest groups of up-regulated genes after 24 h incubation were involved in primary metabolic processes, cell communication, cell cycle, and biological regulation, while the largest groups of down-regulated genes after 24 h were involved in primary metabolic processes, biological regulation, cell communication, and nitrogen compound metabolic processes. The largest groups of up-regulated genes after 72 h incubation were involved in primary metabolic process, cell communication, cell cycle, and biological regulation. Genes involved in cell communication, primary metabolic process, and developmental processes belonged to the largest group of down-regulated genes after 72 h. Additionally, six genes with unknown functions also exhibited altered expression profiles ( Table 2 ). The number of genes included in different biological processes after 24 h and 72 h incubation has been summarized in Fig. 1 .
Since only genes showing changes of greater than twofold were taken in the account in this study, we did not detect any change in the mineralization related genes. Therefore, microarray data were re-examined to reveal the effects of iRoot BP on the mineralization related genes, and all expression patterns showing statistically different expression changes in comparison to the control group were analyzed. SPARC, BMP2, and DSPP genes revealed a statistically significant increase compared to the control group in iRoot BP treated hDPCs after 24 h and 72 h incubation period.
The microarray data were validated using qRT-PCR for the following genes: SPARC, BMP2, DSPP, ANGPTL4, TCF7L2, ADAMTS5, FOXP1, BMPR2, and LAMP2 (Fig.  2) . These nine genes are related to mineralization, apoptosis, glucose homeostasis, extracellular proteases, tumor suppression, bone formation, and lysosomal processes, respectively. The qRT-PCR results confirmed the changes in expression observed by the microarray analysis. hDPCs treated with iRoot BP showed an increase in the expression levels of SPARC (1.13 and 1.3 fold), BMP2 (1.38 and 1.42 fold), DSPP (1.2 and 1.3 fold) after 24 and 72 h incubation period. ANGPTL4 (2.3 fold) and LAMP2 (2.3 fold) genes exhibited an increase only after 24 h or 72 h time period, respectively, while TCF7L2 (0.8 fold), ADAMTS5 (0.6 fold), FOXP1 (0.7 fold), and BMPR2 (0.7 
R: 5'-CGTACAGGTCTTTGCGGATG-3' Annealing temperature: 60ºC. F: Forward primer, R: Reverse primer. fold) showed a decrease in the level of mRNA expression in comparison to the control group after 24 h.
Discussion
Recent studies have shown that the use of iRoot BP as a pulp capping material causes proliferation and mineralization of hDPCs (4, 5) . However, the effect of iRoot BP on gene expression in hDPCs is poorly understood. This is the first study to show that the treatment of hDPCs with iRoot BP causes expression changes in genes mediating different biological processes. The present study aimed to investigate the changes in gene expression over short time periods. The functional annotations affected most were those involved in metabolic processes, biological regulation, and cellular processes including cell communication, cell cycle, cell proliferation, and chromosome segregation processes (Fig. 1) . However, genes associated with the regulation of apoptosis, responses to oxidative stress, and cell proliferation also exhibited expression differences. In fact, the genes with the greatest change were those associated with environmental interactions and the organic processes that are necessary for cell life.
The results of the present study revealed important findings regarding the influence of iRoot BP on the mineralization of pulp cells. The genes associated with pulp mineralization in this study were SPARC, BMP2, and DSPP. These genes encode extracellular matrix proteins (ECM) and are used as markers of odontoblastic differentiation. SPARC is a collagen binding protein and plays a key role in initiation of mineralization and promotion of mineral crystal formation (6) . BMP2 is one of the important ECMs and promotes odontoblast differentiation (7), while DSPP is the major ECM and is the major odontoblast-specific protein (8) . In this study, SPARC, BMP2, and DSPP genes transcripts revealed statistically significant increases in iRoot BP-treated hDPCs compared to the control group. The results of the present study are consistent with previous studies that concluded that iRoot BP induces mineralization and odontoblastic differentiation-associated gene expression in hDPCs (4, 5) .
BMPR2 is a serine/threonine receptor kinase, and the ligands of this receptor are BMPs, which are cytokines that induce bone and cartilage formation (7) . Recently, we reported that treatment of hDPCs with iRoot BP causes an increase in BMP expression when compared to the control group (5) . However, the present study revealed that BMPR2 expression levels in iRoot BP-treated hDPCs were decreased compared to the control group. These results suggest that iRoot BP has different effects on the expression of BMPR2 and its ligand, BMP. Indeed, decrease in BMPR2 expression may adversely affect the mineralization ability of hDPCs. However, an increase in the expression profile of its ligand may have arisen as a result of a compensatory mechanism to balance the mineralization ability of dental pulp tissue in a positive manner (9, 10) .
Dental pulp cells, odontoblasts, cementoblasts, cementocytes, osteoblasts, osteocytes, and periodontal ligament cells use ADAMTS5, which is one of the lytic enzymes that regulate the extracellular accumulation of proteoglycans, and ADAMTS5 plays a key role in remodeling the extracellular environment surrounding these cells (11) . It has also been postulated that remodeling of proteoglycans may contribute to tooth eruption (12, 13) . The present study found that the expression of ADAMTS5 decreases after 24 h by 2.1 fold, suggesting that iRoot BP may have a negative effect on the remodeling of proteoglycans which constitute the extracellular environment of the teeth.
LAMP2 is a member of a family of membrane glycoproteins and may play a role in tumor cell metastasis, and it may also act in the protection, maintenance, and adhesion of the lysosome (14, 15) . LAMP2 is a lysosomal marker expressed by the autophagic vacuoles that constitutes the autophagic-lysosomal system of odontoblasts (16) . The decrease in LAMP2 expression is an indicator of an aging odontoblast, which is reflected by lipofuscin accumulation in lysosomal compartments. The accumulation of lipofuscin leads to a decrease in lysosomal activity against oxidative stress and reduced cell viability. Odontoblasts are differentiated from dental papillae cells attached to the inner enamel epithelium. Dental pulp tissue is also derived from the dental papillae of the tooth germ, and the innermost tissue is considered as pulp tissue when the dentin forms around the dental papilla during odontogenesis (17) . Due to similar embryological backgrounds, odontoblasts and hDPCs may have similar biological properties. This study found that LAMP2 gene expression increases after 72 h, suggesting that iRoot BP may have a positive effect on lysosomal activity in hDPCs and may promote cell viability under oxidative stress by increasing autophagic turnover as in odontoblasts. However, it is necessary to perform further studies to elucidate the LAMP2-hDPCs interaction in terms of cellular aging and response to oxidative stress.
In this study, genes whose functions in hDPCs are unknown were also examined after 24 h and 72 h treatment with iRoot BP. These genes included ANGPTL4, TCF7L2, and FOXP1. ANGPTL4 encodes a secreted protein which is involved in vascular permeability, angiogenesis, inflammatory responses, and glucose homeostasis in different tissues (18, 19) . TCF7L2 plays a key role in the Wnt signaling pathway and is involved in glucose homeostasis (20) . Impaired glucose homeostasis is one of the factors that negatively affect wound healing (21) . In the present study, ANGPTL4 and TCF7L2 transcript levels exhibited statistically significant increases and decreases after 24 h of incubation, respectively. These results suggest that vascular permeability, angiogenesis, and inflammation responses related to ANGPTL4 and glucose homeostasis related to TCF7L2 may play an important role in the wound healing of the dental pulp tissue after early exposure to iRoot BP. FOXP1 has been reported to function as either an oncogene or tumorsuppressor in various cancers and also promote cell survival (22, 23) . In the present study, FOXP1 transcript levels were found to be lower than that of the control group after 24 h of incubation, suggesting that FOXP1 may affect cell survival on iRoot BP-treated hDPCs. Based on the gene expression results of this study, the response of hDPCs to iRoot BP treatment appears more complex than has been previously recognized, particularly given the variability among genes that have not been previously reported. These genes and associated signaling pathways appear to be potential research areas that should be focused on to elucidate the iRoot BP-hDPCs interaction.
The limitations of this study include the small number of samples analyzed and the short treatment times used. However, these results provide new information about the gene expression profiles of hDPCs in response to iRoot BP treatment.
iRoot BP affects the expression profiles of genes involved in different biological processes in hDPCs. This study provides the basis for modeling genetic networks in iRoot BP-treated hDPCs. Genetic comparisons with other pulp capping materials over long treatment times should be carried out in future studies.
